Road traffic accident (RTA) casualties in Sudan are among the major causes of death in the age group of 21 to 60.with 61% fatalities. The fatality rate of 35 per 10,000 vehicles is among the highest in the world despite the low car ownership of 1 vehicle to 100 persons. This paper presents accident characteristics and considers road safety management. Crucial issues discussed in the paper include prediction and safety measures. The paper applies Artificial Neural Network (ANN) and regression techniques to comparatively predict traffic accident casualties. Both approaches modeled accident casualties using historical data on population, number of registered cars and other related factors from 1991 to 2009. Comparison of predictions with recorded data was very favorable. Predictions during 2010 -2014 were determined using projected values for the same predictor variables. ANN forecasts provided the best fit for the data with a maximum difference of 1.84% between predictions and observed data. The study demonstrated that ANNs provide a powerful tool for analysis and prediction of accident casualties. The major causes of accidents were attributed to driver behaviour, vehicle fleet and conditions, road network defects, speed-limit violation, negligence of seat-belt usage and lack of traffic-law enforcement.
INTRODUCTION
There is great concern worldwide about the increasimg traffic accidents and casualties (fatalities and injuries) particularly in developing countries. Annually, over three-quarter million people are killed while injured and disabled victims in road traffic accidents (RTAs) exceed 40 million [1] . Developing countries alone represent 70% of RTA fatalities although they own only 12% of the vehicle fleet. Fatality rates per 10 4 vehicles in some African and Asian countries range between 15 and 65 [2] . In contrast, accident records in many industrial countries indicate that there was decrease in recent annual fatalities. In USA, the fatality rate per 100 million vehicle-miles-traveled (MVMT) decreased by 10 % [3] . However, due to lack of MVMT data in developimg countries, fatality rate per 10 4 vehicles closely estimates the equivalent best measure of fatality rate according to Ali et al. [4] . The importance of continually updating and improving accident and casualty records as well as methods of analyzing such data cannot be overemphasized. Better analysis and evaluation of traffic accident and casualty data will assist policy makers device improved traffic regulations and safety measures to enhance road safety.
An overview of the situation on road traffic accidents in some Arab countries and the Middle East generally attributed the main causes of accidents to speeding, driver negligence and violation of traffic regulations [5, 6] . In many cases, the majority of these accidents occur in urban areas, while in some countries about 40% of the casualties involve pedestrians. In Kuwait, a reduction of up to 15% in total fatalities was observed after installation of traffic cameras [7] .
TRAFFIC ACCIDENT AND CASUALTY CHARACTERISTICS IN SUDAN
In Sudan, casualties are about 10 times more than in many developed countries in spite of the current low car ownership of one vehicle per 100 population. More than 60% of the casualties are in the age group of 21-60 years as shown in Table 1 , the major cause of death for about 50% of this age group being RTAs. The high rate of population growth, the large percetage of young drivers, the dramatic and uncontrolled increase in the number of vehicles over recent years compounded with the absence of strict law enforcement and the poor road conditions have all contributed to the high accident rates. In general, drivers have been the main cause in 90 % of the accidents primarily in terms of negligence, high speed and poor driving as illustrated in Table 2 , computed from the data provided by Ali [1] . Poor driving reflects carelessly changing lanes or making turns without signaling, their move, etc. Negligence is intended for being indifferent and not concerned with safe driving such as eating, talking to a rider or on phone or playing with radio, etc while driving. This value of 90% is less than the global record of 95 -98 %. It is also asserted that vehicle age, mechanical defects, tyre failures do have impact on safety. Poor road and vehicle conditions contribute to the remaining 10% (or 2 -5 % in the latter case) which includes mechanical defects, tyre failure and weather conditions. The corresponding value in Oman, for example, averaged only 3.5 % due to good road and vehicle conditions [8] . However, it cannot be confirmed that analysis of the causes of traffic accidents have been undertaken to investigate the roles of some of these factors on traffic crashes. Such in depth and detailed studies of the causes of accidents could help develop policies to reverse the existing trends and grave situation. Nevertheless, there are indications and various studies in the Arab world and Africa that the main contributors to RTAs are high speeds and the pedestrians. [9] . Table 4 indicates that most of the parameter rates of accidents and casualties (fatalities and injuries) have increased. The only rates that dropped were fatality and injury rates per 10 3 accidents. This was largely because the increase in fatality from 2005 to 2009 was low compared to that of the accidents (Table 1 ). This may be attributed to more accidents occurring in urban areas with less severity combined with more improvements of roads. Key ingredients for successful traffic improvement programs and prerequisites for traffic safety management are the availability of sufficient and reliable data and thereon the capability to predict traffic accident casualties and safety situations. Accident and casualty rates per 10 4 vehicles were computed as in Table 5 . Improvement and effective safety management programs can then be developed for implementation and assessment. A crucial requirement, therefore, for the development of successful traffic improvement programs is the availability of reliable predictive models that incorporate the essential factors related to accidents and casualties. Figure 1 depicits the unique characteristics of the distinct annualy increasing accidents while the casualties are almost without change. These trends indicate that effective safety measures are not taken. In contrast, comparisons made in Figures 2 and  3 , respectively, for fatality and injury rates with three other countries show that in the latter cases there are clear reductions in casualty rates. It is noticed that these three countries are an induatrial country (Newzealand), a rich Gulf developimg country in Asia (Oman) and a developing country in Africa (Malawi).
Prediction of accidents and casualties today relies on various models and relationships, based largely on expert systems and statistical techniques. They predict accidents and casualties either as a function of registered vehicles per population as reported by Al-Suleiman and Al-Masaeid [10] or traffic flow and road type proposed by Jadaan and Nicholson [11] . Ali et al. [4] used time while Pattnaik and Sreedar [12] considered several exogenous variables. Causes of traffic accidents are numerous, interelated and complex, and safety may be related to several factors such road, vehicle and traffic characteristics, user behaviour and traffic law enforcement [13] . Sometimes the developed models may not fit the data as claimed by Wong-Toi [14] , or only address linear relationships between the dependent and independent variables. More comprehensive approaches are required to account for the important variables and their relationships in analyzing and predicting traffic accident casualties. The main objective of this investigation was to predict casualties for Sudan up to the year 2014 applying ANNs and regression models.
ARTIFICIAL NEURAL NETWORKS
ANNs are computer models designed for knowledge processing and prediction. The ability of ANNs to spontaneously learn from examples, to reason over historical fuzzy data, and to provide adequate responses to new information not previously stored in memory has gained growing interest in this technology [15, 16] . As a result of numerous applications in various engineering fields, this new technique has attracted increasing acceptance and demonstrated remarkable success.
ANNs are relatively new in the field of traffic engineering and accident analysis. The new approach has been sparsely demonstrated in traffic congestion forecasting by Taber et al [17] and a few other applications. Al-Alawi et al. [8] applied computer-based techniques and artificial neural networks to the analysis and prediction of road traffic accidents. Artificial Neural Networks have also been used in problems that were traditionally solved by statistical methods. A number of researchers have conducted Tables 3 and 5 comparative studies of statistical methods with ANNs [18, 19] . Their studies have shown that, if trained on medium to large data sets, ANNs can be quite useful in prediction. Assumptions are not required regarding the functional form of the relationship between predictor and response variables as the case is with the statistical methods.
Data Preparation and Rehabilitation for Model Building
The main factors considered to contribute to annual accident casualty figures included annual population growth (POPG), the gross domestic product (GDP) of Sudan, the number of registered cars (NOCR) and the total length of paved roads (NKPR). The number of driver licenses issued (NOLI) was originaly considered to be included but the recorded data were poorly documented. However, elemination of this factor from the model was considered not affect the output as it is related to POPG and NOCR with possible confounding. Other factors could have been incorporated, such as road and vehicle conditions and driver behaviour. However, some of these are difficult to quantify while others have incomplete historical data over the period of study. Data on traffic and accident casualty statistics were readily obtained from Sudan Directorate General of Traffic (DGT) [9] . Data on population and GDP, and the length of paved roads were obtained, respectively, from the Ministry of Finance and Economic Planning and the Ministry of Roads and Bridges of the Government of Sudan. After carefully scrutinizing the values of the candidate variables, correlation analysis was performed to assess the linear association between the variables. Results of the correlation analysis are shown in Table 6 . The strength of the correlation coefficients between the predictor variables and the casualties are as given in the last column of the Table. The results show that all have high positive correlation to casualties.
Development of the ANN Model
The ANN model shown in Figure 3 was developed for modeling and prediction of the number of casualties in Sudan. The variables selected for developing the ANN model were as mentioned above. All four variables were assumed to be functions of the year (Y), and were chosen as input parameters to the proposed ANN architecture. The dependent variable, the number of car accident casualties (NOAC), was chosen as the model output. Since the relationship of the above variables to the number of casualties may not be linear, the following nonlinear model was proposed: 
where Y = 1,2,3,......n; n being the number of years which the ANN model was to be trained, and NOAC Y the predicted number of accident casualties for year Y.
As illustrated by the ANN architecture in Figure 3 , each network comprises many simple processing elements that are organized into a sequence of layers. These are the input, the hidden, and the output layers. The neurons in the input layer receive 5 input signals representing the above input variables. Hence, five neurons were used for the input layer in the ANN architecture. The output layer consists of one output neuron representing the casualties. Between the input and output layers, Hecht-Nielsen [20] showed that one or two hidden layers with an adequate number of neurons is sufficient to model any solution surface of practical interest. One hidden layer containing five neurons was found adequate to develop the model.
Historical data covering the period from 1991 to 2009 were used in training the proposed model. The training data set are shown in columns 2 -5 of Table 4 . These data were presented repeatedly to the ANN model, and weights were adjusted by small amounts that were dictated by the General Delta Rule. The training process of the ANN models was performed using the NeuroShell® simulator. A description of how the learning process is performed by the Backpropogation (BP) algorithm and the detailed training process, respectively, may be found elsewhere [21] . As shown in Figure 4 for the plot of casualties against year, the R 2 of the trained model was 0.9335. This indicates that 93.35 % of the variability in the number of casualties could be explauined by the selectedc independent variables and the historical data used. Having trained the network successfully, the next step was to test the network in order to assess its performance and to examine its capabilities. Once the model was developed, the contributions of the different independent variables to the variation in the values of the dependent variable (casualties) were obtained using the NeuroShell® utility. Examination of these contributions in Table 7 revealed that the change in population (POPG Y ). and the number of cars (NOCR Y ) had substantial influence on the increasing number of car accident casualties (43% and 32% respectively). The increase in NKPR Y accounted for 18%, while the contribution of GDP Y .to the variation in the number of accident casualties was marginal (7%). These contributions were computed by the NeuroShell® program as measures of each input strength in relation to those of the other input parameters of the model being developed. In order to use the developed model to predict the number of car accident casualties for the years to come, it was necessary first, to forecast the model input variables. A regression analysis, with year as the independent variable, was applied to project these variables by curve-fitting the historical data using eqns (3 -5) . Needless to mention, these projections are one of many plausible scenarios that could evolve in the future. With the many developments in road construction and upgrading, in addition to the continuous improvement in traffic management in Sudan, it would be difficult to make more accurate projections of these variables. Using these equations, forecast data for the years 2009 to 2014 were generated for each variable. The projected values of the predictor variables were then fed as input to the ANN model in order to predict the number of car accident casualties for each year until the year 2014. The actual vlaues of the casualties and the predicted ones are presented in Figure 4 as a plot of casualties against the year. As demonstrated by the figure and the associated table for the observed and predicted values, the comparison was found very favoudable. Thae comparison between the observed and predicted casualties is also summarized in Table 8 . Also shown in the table, the difference between them ranged between -0.74 % and a maximum of 1.84 % reflecting very close agreement. 
SUMMARY AND CONCLUSIONS
Within the scope of this investigation and accounting for data accuracy and completeness, the following conclusions and recommendations may be drawn from this research study: In this paper, the authors have attempted to investigate and compare the predictive capabilities of ANN with with observed values for annual car accident casualties in Sudan where traffic accidents are among the major causes of death in spite of its low motorization level. Thus, there is need for such investigations to contribute to the understanding of the underlying features of the problem and to the development of better methods of analysis and assessment of new safety measures. The accident characteristics of Sudan indicated that effective safety measures need to be introduced to reduce the accident and casualty rates by time. Drivers' negligence, poor driving and speeding are the main causes of accidents and the resulting casualties, the road users being responsible for about 90 %.
The models used the number of car accident casualties as the dependent variable and the annual population of the country, GDP, the number of registered cars and the length of paved roads as the independent variables. The response variable (NOAC) was fitted using ANNs. Preliminary examination of the data indicated that the predictor variables were collinear. However, each of the four variable had its own contribution to the number of casualties although with marginal value of 7 for GDP. It was found that the forecasts obtained from the ANN model compared very favorably with observed data with a maximum fdifference of 1.84%.
More safety measures need to be adopted to attain comparable rates. Actions to be taken to bring accidents and casualties down would include speed control, mandatory use of safety belts, training of drivers and rigorous licensing, control of driver behavior and pedestrian crossing, special attention to adherence of buses and trucks to safety regulations, and improved and signed and marked road and intersection design. Furthermore, for road safety enhancement, it is crucial to establish effective National Road Safety Council. ANN casualties development and prediction models (1991 -2014) 
